Background: Little is known about patterns of and factors associated with treatment for de novo metastatic cancer patients who die soon after diagnosis. In this study, we examine treatment patterns for patients newly diagnosed with metastatic lung, colorectal, breast, or pancreatic cancer who died within 1 month of diagnosis. Methods: We identified 100 848 adult patients in the National Cancer Database with de novo metastatic lung, colorectal, breast, and pancreatic cancer, diagnosed between 2004 and 2014 and who died within 1 month. We performed descriptive and multivariable logistic regression analyses to examine receipt of surgery, chemotherapy, radiation, and hormonal therapy by cancer type, adjusting for sociodemographic and clinical variables. Results: Treatment substantially varied by cancer type, over time, age, insurance, and facility type. Surgery ranged from 0.4% in pancreatic to 28.3% in colorectal cancer (CRC) patients, chemotherapy from 5.8% among CRC to 11% in lung and breast cancer patients, and radiotherapy from 1.3% in pancreatic to 18.7% in lung cancer patients. Use of some treatments (eg, surgery for CRC and breast cancer) progressively declined between 2004 and 2014. Compared with lung cancer patients treated at National Cancer Institute-designated cancer centers, those treated at community cancer centers had 48% lower odds of radiation. Conclusions: Treatment of patients diagnosed with imminently fatal de novo metastatic cancer varied markedly by cancer type and patient/facility characteristics. These variations warrant more research to better identify patients with imminently fatal de novo metastatic cancer who may not benefit from aggressive and expensive therapies.
Methods

Study Population
We used data from the National Cancer Database (NCDB), a national hospital-based cancer registry database jointly sponsored by the American College of Surgeons and the American Cancer Society, which captures approximately 70% of newly diagnosed cancer patients in the United States (8, 9) . We included patients diagnosed between 2004 and 2014 with single primary invasive cancers; primary sites for colon and rectum, lung, breast, and pancreas; histology codes (International Classification of Diseases for Oncology, 3rd edition) for each cancer type (Supplementary Table  1 ); treated at the reporting facility; American Joint Committee on Cancer clinical stage IV (at diagnosis; pathologic used if clinical stage was missing); aged 18 years and older; vital status of "dead" at last follow-up with death within 1 month of diagnosis; no duplicate data. Patients with missing/unknown values for driving distance, insurance (also excluded non-Medicaid or non-Medicare government insurance), surgery, chemotherapy, radiotherapy, or distant site surgery were excluded (n ¼ 11 802) ( Figure 1) . A sensitivity analysis showed that the characteristics of the excluded 11 802 patients were generally similar to the patients in the analytic cohort (data not shown). Variables were coded according to the Facility Oncology Registry Data Standards Manual revised for 2013 (10) .
Study Variables
Primary Outcome of Interest. Our main outcome of interest was receipt or initiation of first course (first line) of treatment within 1 month after diagnosis with de novo metastatic cancer and death. Because the NCDB captures first course of treatment for a year or more after diagnosis, all therapy within 1 month after diagnosis is ascertained. Initiation of first course of treatment for each treatment type was categorized as surgery of primary site (no, yes), chemotherapy (no, yes), radiation treatment (no, yes; based on radiation to primary site or other sites), hormonal therapy in female breast cancer (no, yes), and surgery of distant site (none, other site, distant site) (Supplementary Table 2 ).
Control Variables. We included the following sociodemographic variables as categorized in Table 1 : race/ethnicity, age, sex, diagnosis year, US census division, insurance coverage categorized by age group (18-64 years: Medicare and private, private only, Medicare and/or Medicaid, uninsured; and 65 years: Medicare and private, Medicare and Medicaid, Medicaid only, private only, Medicare only), area-level median income quartiles, and geographic driving distance to the reporting center (calculated using the centroid of patient's ZIP code of residence at diagnosis and street address of reporting facility). Variables of clinical characteristics were grade (1, 2, 3, 4, missing/unknown; or 1, 2, 3, missing/unknown for female breast cancer) and comorbidity score (0, 1, 2; generated using the sum of weighted CharlsonDeyo score [11] ). For institutional variables, we included facility type and facility case volume (low, medium, high; calculated using tertiles by counting the number of all de novo metastatic cancer cases reported by each facility during the study period by diagnosis year).
Statistical Analysis
We conducted descriptive analyses of patient characteristics and treatment by cancer type. We used Cochrane-Armitage trend tests to assess changes in treatment by diagnosis year and separate multivariable logistic regression analyses to assess the association between sociodemographic, clinical, and facility characteristics and treatment with surgery, radiation therapy, chemotherapy, and hormonal therapy in female breast cancer. All control variables were included in the models. Statistical significance was determined based on two-sided P value less than 0.05. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC). Our study received exempt status from the institutional review board of the Morehouse School of Medicine, Atlanta, GA. Because patients with lung cancer included non-small cell and small cell histologic types, we conducted a supplemental analysis to assess treatment for patients diagnosed with small-cell lung cancer.
Results
Patient Characteristics
We included 100 848 patients diagnosed with de novo metastatic lung, colorectal, female breast, and pancreatic cancer who died within 1 month of diagnosis. Of these patients, 66.5% were lung, 18% pancreatic, 12% colorectal (CRC), and 3.6% female breast cancer patients (Table 1) . Overall, most patients were non-Hispanic white (77%), though the proportions of nonHispanic blacks were relatively higher among patients with colorectal, breast, and pancreatic cancer. Almost one-half of all patients (44%) were 75 years and older with some variation by cancer type. A large proportion of patients (60%) received treatment at a high de novo metastatic case volume treatment facility. Lung cancer had the highest percentage (21%) of patients with a comorbidity score of 2 or higher.
Treatment Patterns and Trends by Cancer Type
Overall, 12.5%, 29%, 34.9%, and 37.2% of patients with pancreatic, lung, breast, and CRC received at least one treatment modality, respectively. Figure 2 Over the study period, surgery of primary tumor for CRC and breast cancer, chemotherapy and radiation treatment for lung cancer and breast, and chemotherapy for pancreatic cancer steadily declined (P trend < .01 for all) ( Table 2 ). Table 3 shows adjusted odds ratios for selected factors associated with treatment by cancer type. Compared with patients aged 18-39 years, patients aged 75 years and older had 46-70% lower odds of initiating radiation treatment and 77-92% lower odds of initiating chemotherapy for lung cancer. Older patients had 65-99% lower odds of initiating chemotherapy for breast cancer compared with patients aged 18-39 years. Patients with higher Charlson-Deyo comorbidity score (2þ) had lower odds of initiating chemotherapy among pancreatic cancer patients (25% lower odds) and radiation among lung cancer patients (33% lower odds) compared with those with no comorbid conditions. Compared with privately insured patients, uninsured patients had 47% lower odds of surgery of primary tumor for CRC and 14% lower odds of radiotherapy for lung cancer. Uninsured patients had 35-56% lower odds of initiating chemotherapy for each cancer type compared with their privately insured counterparts. Compared with patients treated at National Cancer Institute (NCI)-designated cancer centers, those treated at community cancer centers had 40% lower odds of surgery on the primary tumor and 48% lower odds for radiation for lung cancer. However, CRC patients treated at community cancer centers and comprehensive community cancer centers (vs NCI-designated cancer centers) had more than twofold higher odds of surgical resection of their primary tumor. Patients with CRC treated at teaching/research cancer centers (vs NCI-designated cancer centers) had 2.4 times higher odds of receiving radiation. Compared with CRC patients treated at NCI-designated cancer centers, those treated at comprehensive community and community cancer centers had 48-57% lower odds of distant site surgery. Patients treated at community cancer centers, community networked centers, and comprehensive community cancer centers had higher odds of surgery to the primary tumor for breast cancer compared with those treated at NCI-designated/teaching/ research centers.
Factors Associated with Receipt or Initiation of Treatment
Discussion
Using a large national database, we documented marked variations in treatment by cancer type as well as patient and facility characteristics among patients with de novo metastatic cancer who died within 1 month of diagnosis. Specifically, we identified lower odds of chemotherapy for all cancer types and radiation for lung cancer among older patients, lower odds of chemotherapy and radiation for lung and pancreatic cancer among patients with higher comorbidity score, and lower odds of chemotherapy for lung and breast cancer among uninsured patients. Further, treatment modalities varied remarkably by facility type. Our results also revealed declining trends for most treatment modalities by cancer type over the study period. Treatment planning for patients diagnosed with imminently fatal cancer is complex. Physicians and patients and their families are faced with fundamental decisions about cancer-directed treatment (12) . These decisions are influenced by patient/physician preferences, goals of care, treatment response, psychological status, support systems, symptom and disease burden, access to care, cost, organ function, and performance status (13, 14) . Patients diagnosed with de novo metastatic cancer generally are urged to make decisions about treatment soon after diagnosis. Although recent innovations in treatment and better access to care are improving survival and quality of life among patients with de novo metastatic cancer, these survival benefits may not apply to patients who are extremely ill at the time of diagnosis.
Our findings of variations in treatment among patients with de novo metastatic cancer who died within 1 month of diagnosis suggest that some of these patients received ineffective treatment. Such treatment at the end of life could also contribute to higher cost of care (15) . Although no previous studies specifically report on rates of treatment among patients with de novo metastatic cancer who died within 1 month of diagnosis by cancer type, a number of studies have reported variations in overall rates of treatment among patients diagnosed with metastatic cancer (16) (17) (18) (19) . For example, some studies reported that about 40-60% of women with de novo metastatic breast cancer received surgical treatment of the primary tumor (17, 20, 21) . High rates of chemotherapy among patients with metastatic breast cancer have also been reported (20) (21) (22) . Differences in study population selection such as restriction to those who died soon after diagnosis with de novo metastatic cancer, performance status, use of contemporary and larger sample size data, and other unmeasured factors likely explain the differences in rates of treatment between our study and the previous studies. Overestimation of survival of terminally ill cancer patients by clinicians and patients' misunderstanding of the palliative nature of treatment for metastatic cancer could also contribute to variations in planning of aggressive treatment (23, 24) . For example, Weeks et al. (24) reported that 69% of de novo metastatic lung cancer and 81% of de novo metastatic CRC patients did not understand that chemotherapy was not at all likely to cure their cancer.
Though not specified by initiation time of within 1 month between diagnosis and death, rates of primary tumor resection and chemotherapy are reportedly high among patients with metastatic CRC (19, 25, 26) . Our finding of relatively higher rates of primary and distant site surgery among patients with de novo metastatic CRC were also consistent with previous studies (27) , likely because of the palliation often provided by primary site surgery in CRC and the value of metastasectomy in selected patients with CRC. Using Medicare (65 years and older) patients with stage IIIB and IV non-small cell lung cancer and without defining time for receipt of treatment, Ramsey et al. (28) reported that in 1994-1999, 31% received chemotherapy, 8% surgery, and 53% radiation treatment. Furthermore, Potosky et al. (29) reported that in 1996 rates of treatment for stage IV nonsmall cell lung cancer patients were 41% for chemotherapy and 31% for radiation treatment. The near-zero rates of surgery and very low rates of chemotherapy among patients with de novo stage IV pancreatic cancer in our study were similar to other reports and reflect guideline adherence, baseline poor performance status, high comorbidity, and/or symptom burden (30, 31) . Whether the patients who received various types of treatments in our study were in fact receiving ineffective treatments still needs further research. Our finding of marked variation in treatment by age, comorbidity, insurance status, and facility characteristics suggests the presence both of appropriate and inappropriate decision making. Although the elderly and relatively infirm may appropriately be excluded from toxic or high-risk treatment, variation in care by insurance status or environment of care delivery may reflect problematic barriers to care. Previous studies reported disproportionate representation of higher comorbid conditions, minorities, uninsured, socioeconomically disadvantaged, or older age patients among those who died early after diagnosis of cancer (2, (4) (5) (6) 26, 29, 32) . This may contribute to higher rates of early death reported in these patients (33) . Differences in aggressiveness of treatments by cancer type were also reported (15, 34) , which could be explained by differences in aggressiveness of each cancer type, prediction of expected survival, patient/physician preferences, and prevalence of poor performance status (12, (35) (36) (37) . For instance, patients who expected to live at least 6 months had more that twofold higher odds of favoring lifeextending therapy over comfort care compared with patients who thought there was at least a 10% probability that they would not live 6 months (12). Furthermore, higher odds of treatment among patients with younger age, lower comorbidity score, and private insurance were in line with previous studies that reported on treatment patterns in the last month of life (32), suggesting more liberty toward aggressive treatment among physicians and/or patients.
We found decreases in surgical resection between 2004 and 2014 for all four de novo metastatic cancer types, which is consistent with other studies (17, 19, 25, 38, 39) , suggesting evolving preferences and recognition of the limited value of surgery in this setting. The National Comprehensive Cancer Network guidelines do not recommend surgical resection of primary tumor for most patients with de novo metastatic cancers, except for very few patients with specific characteristics such as resectable metastatic CRC (40, 41) . Improved systemic treatments, such as targeted therapies, and greater acceptance and awareness of benefits of hospice care may contribute to this declining rate of resection of primary tumors (18, 19) .
We also identified trends in chemotherapy for lung, breast, and pancreatic cancer that are inconsistent with studies that reported increasing trends in chemotherapy among patients diagnosed with de novo metastatic cancers (16, 18, 28, 42) . Differences are likely because our sample was restricted to patients who died within 1 month of diagnosis, whereas the other study samples were not similarly restricted. Previous studies also revealed high rates of treatment at the end of life among patients diagnosed with metastatic cancers (15, 16, 43, 44) . However, there were also reports of decreasing trends in chemotherapy and radiation treatment among lung cancer patients at the end of life (15, 45) . Declining trends in use of chemotherapy and radiation treatment may suggest increasing recognition of the importance of quality of life, cost vs benefit of care in decision making, and greater integration of patient preferences (14) . Patients diagnosed with de novo metastatic cancer who die soon after diagnosis are a unique population, for whom better prognostication is clearly needed to guide care decisions.
A strength of our study is the use of a large contemporary nationwide oncologic outcomes database (9) . The NCDB also implements stringent data quality and ascertainment methods. However, we acknowledge some limitations. First, there could be residual differences in ascertainment of treatment information by reporting facility. Although patients in the NCDB had similar characteristics with those patients in the populationbased Surveillance, Epidemiology, and End Results database (46) , the NCDB is a hospital-based registry database and results may not be generalizable to the US population. For example, because the requirement for Commission on Cancer-accreditation effectively places the quality of care at NCDB institutions at a somewhat higher level than nonaccredited institutions, it is likely that the patterns of care variation we identified are even greater in the general US population. Second, there was no information on cancer-specific cause of death, and our selection was based on all-cause mortality within 1 month of diagnosis. However, the vast majority of patients with metastatic cancer die of their disease (47) . Third, there was also no information on multiple relevant factors such as the use of oral targeted therapy for lung cancer, immunotherapy, incorporation of palliative care team consultations, the location of death, or treatmentrelated toxicity. Fourth, we used first-course treatment information in the NCDB, which includes both curative or palliative treatments. Because of the limitations of our dataset and the inherent selection bias for who is treated (and not treated) at the end of life, we could not readily compare patients who received treatment and then lived longer because of that treatment. However, excluding patients who received treatment specifically documented as palliation did not change our results (data not shown). We were also unable to account for performance status, symptoms, or patient preferences that may influence treatment decision, because the NCDB does not capture these variables. Although lack of information on these variables may limit the direct applicability of our findings for the general oncology practice, our findings highlight important research gaps.
In conclusion, our study provides important insights about patterns of treatment initiated within a relatively short period among patients with imminently fatal de novo metastatic cancers. Treatment of patients diagnosed with imminently fatal de novo metastatic cancer varied markedly by cancer type and patient/facility characteristics. Although treatment decisions for patients with imminently fatal metastatic cancer are complex and most patients did not receive active treatment in the last month of life, some patients may have received ineffective surgery, chemotherapy, radiation, and hormonal therapy. More research is needed to specifically identify patients with imminently fatal metastatic cancer who will not benefit from attempted lifeprolonging treatment who should instead be referred for end-oflife care. Dr Osarogiagbon reports stock ownership in Foundation Medicine, Pfizer, and Eli Lilly; consulting for Association of Community Cancer Centers; and patent application for a surgical specimen collection kit. Dr Jemal reports a grant from Merck outside the scope of this work. Dr Ruddy inherited and then sold Merck and Pfizer stock. Drs Sineshaw, Ng, Yabroff, and Freedman have no conflicts of interest to disclose.
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